Anthropogenic activities in river basins have culminated into land use and land cover changes (LULCCs) resulting in environmental consequences of sediment generation. Understanding the role that LULCCs play in the dynamics of sediment yield would greatly enhance decision making processes that borders on land use and water resources management. We investigated the impacts of LULCCs on sediment yield dynamics through an integrated approach of hydrologic modelling and principal component analysis (PCA). A three phase land use scenario (2000, 2007 and 2013) employing the "fix-changing" method was used to simulate the sediment yield of the Olifants Basin. Annual sediment yield for the basin for 2000, 2007 and 2013 were respectively 946.76 t/km 2 .a, 1110.02 t/km 2 .a and 1408.27t/km 2 .a. Our results indicate that sediment yield dynamics in the study area is significantly attributed to the changes in agriculture, urban and forested lands. Changes in agriculture and urban lands positively influenced sediment yield dynamics of the Olifants Basin. On the contrary, forested areas had a negative relationship with sediment yield indicating less sediment yield from these areas. The output of this research work provides a simplistic approach of evaluating the impacts of land use changes on sediment yield. The tools and methods used are relevant for policy directions on land and water resources planning.
Introduction
Anthropogenic activities in river basins are major causes of land use and land cover changes (LULCCs) which results in environmental degradation mainly in soil erosion with its attendant sediment fluxes. Sediment fluxes are widely acknowledged throughout the world due to their prodigious ramifications on the functional capacity of water infrastructures, water resources quality and low agricultural productivity due to the removal of top rich nutrient soils [1] [2] . The ripple effect of sediment loads causes an upsurge in the recurring cost of domestic water supply systems especially in the case of raw water abstraction and treatment. Land use, topography, soils, geology and climate change nexus are noted as stimuli to the quantity of sediment loads generated within and transported out of watersheds [3] .
In contemporary times, the impacts of LULCCs on hydrology have gained tremendous concerns on the part of researchers [4] with little consideration accorded sediment fluxes [1] [2] . This is partly due to the extreme difficulties in measuring sediment fluxes and thus the unavailability of required sediment data for further studies [5] . The spatial extent of soil erosion causing sediment fluxes presents many difficulties for its continuous monitoring amidst scarce human resources, site remoteness and logistical constraints [6] . In the event of these happenings, the use of hydrologic and sediment yield models in predicting sediment yields is fast gaining recognition among researchers [1; 7] . Although sediment data remains a hindrance, efforts both in the past and present have proven satisfactorily in the use of limited sediment data through the application of distributed hydrologic models.
In the Save catchment of Coteaux Gascogne, France, Oeurng et al. [7] conducted sediment yield studies using limited set of suspended sediment concentration data for the period [2007] [2008] [2009] . In their work, they used the SWAT hydrologic model. Notwithstanding the short span of observed suspended sediment data, the model performance in simulating the sediment yield of the basin was within acceptable limits. Likewise, Yesuf et al. [8] simulated sediment yield in the Maybar gauged watershed of Ethiopia using fourteen years of historical sediment data within the SWAT hydrologic model environment and concluded on satisfactorily model application. Similarly, Setegn et al. [9] also applied the SWAT model in the assessment of sediment yield of the Anjeni gauged watershed in Ethiopia. Historical records of sediment for ten years were used in their study. Findings from Setegn et al. [9] indicate the capabilities of the SWAT model in simulating sediments with acceptable model performance statistics. The foregone discussions, demonstrates the capabilities of the SWAT model in simulating sediment yield within basins with limited set of observed data and in different geographic jurisdictions.
In the semi-arid regions of South Africa, sediment studies both in the past and present are executed through reservoir sediment surveys and empirical approaches [3; 10] . However, these methods of sediment studies are capital intensive and human resource demanding. It is also the case that the method of reservoir sediment survey is inept in determining the spatio-temporal dynamics of sediment yield at the basin scale to warrant the implementation of conservation measures. With the advent of more sophisticated physically based models, the status quo to watershed studies especially sediment fluxes need to be challenged and evolve to provide real time information relevant to remediation and conservation strategies. In this work, we evaluate the capabilities of the SWAT model as a Decision Support Tool (DST) in simulating the spatio-temporal dynamics of sediment yield in the Olifants Basin under changing land use and land cover. Specifically, we calibrated the model to sediment and estimated the sediment yield of the basin under three land use change scenarios using classified Landsat 7 ETM (+) images to detect the impact of land use and land cover changes (LULCC) on sediment yield.
Materials and Methods

Study Location and Extent
The Olifants River located in the north-eastern part of South Africa (Figure 1 ) traverses the provinces of Gauteng, Mpumalanga and Limpopo with a total length of about 770 km and draining an area of approximately 73.7 × 10 3 km 2 . It finally flows through the Kruger National Park (KNP) and empties into the Massingir dam in Mozambique. However, this study limits it investigations to the area extending from the upper Olifants to gauge station B7H015 (Figure 1 ). Major tributaries of the Olifants River are Wilge, Moses, Elands, Ga-Selati, Letaba on the left bank and Klein Olifant, Steelpoort and Blyde on the right bank. Geographically, the basin spans between 22.6º -26.5º S latitudes and 28.3º -31.9º E longitudes.
The climate of the basin is characterized by the inter tropical convergence zone (ITCZ) with seasonal rainfall occurring during the months of October to April. The mean annual rainfall is 630 mm with peaks in January. Rainfall in the basin varies both in space and time with coefficient of variation ≈ 24%. Temperatures range from 18 °C -34 °C in summer and 5°C -26°C in winter. Geology of the basin is mainly characterized by igneous and metamorphic rocks whose formation are associated with African and Post-African planation surfaces which were formed through uplift. The basin is underlain by five major soil types namely; cambic arenosols, chromic luvisols, chromic vertisols, orthic acrisols and rhodic ferralsols [11] . Land uses include mining, agriculture, forestry, animal husbandry and residential purposes. Agriculture activity is dominant providing employment to majority of the rural inhabitants. Agriculture together with other economic activities in the basin contributes 5% of the total GDP of South Africa. Soil erosion and sedimentation resulting from anthropogenic activities mainly in land use practices and management is reported as a major environmental concern within the basin. However, no major strategies are in place to monitor and check sediment yields in the basin.
Theoretical Framework of SWAT for Sediment Modelling
The Soil and Water Assessment Tool (SWAT) was selected to model the sediment yield of the Olifants Basin owing to its acknowledged capabilities in modeling watershed hydrology and sediment yield [1; 2; 4; 8] coupled with its application in different geographic jurisdictions. The SWAT model is a continuous, longterm, physically based distributed model developed to predict the impact of management practices on water, chemical yields and sediments in large complex watersheds [12] . The basic operational unit of the model is the hydrologic response unit (HRUs) which consist of an area of homogenous land use, management and soil characteristics. The HRUs are nested within sub-basins and hence simulations are aggregated at the HRUs and then unto the sub-basins. SWAT is capable of integrating different spatial data, thus making it versatile in its application.
SWAT predicts sediment fluxes using the Modified Universal Soil Loss Equation (MUSLE) following the mathematical formulation of Williams [13] ; (1) where, is the sediment yield on a given day (metric tons), is the surface runoff volume (mm H 2 O/ha), is the peak runoff rate (m 3 /s), is the area of the HRU (ha), is USLE soil erodibility factor (0.013 metric ton m 2 hr/(m 3 -metric ton cm)), is the USLE cover and management factor, is the USLE support practice factor, is the USLE topographic factor and is the coarse fragment factor.
The peak runoff rate ( is estimated using the modified rational method. An underlying assumption of the modified rational method states that for a given rainfall of intensity i beginning at time t = 0 and continuing indefinitely, the rate of runoff thus increases till the time of concentration ( when the entire subbasin area contributes flow to the basin outlet.
The rational formula for is estimated as [14] ; where is the peak runoff rate (m 3 /s), is the fraction of daily rainfall that occurs during the time of concentration, is the surface runoff (mm
is the subbasin area (km 2 ), is the time of concentration for the subbasin (hr) and 3.6 is a unit conversion factor.
After generation of peak runoff, sediment fluxes are simulated as a function of two principal processes: degradation and deposition. These processes dictate the amount of sediments entrained or transported out of the watershed. Sediment deposited is estimated using the stream power theorem as used by Williams [15] ; (3) where is the amount of sediment deposited (metric tons), is the initial sediment concentration in the reach (ton/m 3 or kg/L), is the maximum concentration of the sediment that can be transported by the water (ton/m 3 or kg/L) and is the volume of water in the reach segment (m 3 H 2 O).
The amount of sediment entrained is subsequently estimated using the equation;
where is the amount of sediment re-entrained 
Data Requirements
Model input datasets were climatic data, digital elevation model (DEM), digital land use maps and digital soil data ( Figure 2 
Basin Discretization
The 3 arc second (90 m × 90 m) pixel resolution SRTM DEM was used for the watershed delineation of the study area. First three slope classes were extracted based on FAO classification [11] (Figure 2E ) namely; level to gently undulating (< 8%), rolling to hilly (8% -30%) and steeply dissected to mountainous (>30%). The multiple slope classes approach catered for the different slopes that exist within the area unlike using a single slope approach.
The area proportion in terms of the classified slopes were 76.57% for level to gently undulating terrain (<8%); 18.26% for rolling to hilly terrain (slope class 8-30%) and 5.17% being steeply dissected to mountainous (slope class >30%). Inference from the classified slopes generally portrays that the Olifants watershed has varying terrain with approximately 24% of the area having slopes greater than 8%. The steep slopes (>30%) were mainly located in the region of the escarpment. Subsequently, the basin was discretized into 23 sub-basins ( Figure 3 ) with hydrologic response thresholds (HRUs) of 10%, 10% and 10% for land use, soils and slopes respectively. 
Calibration and Validation of Model
Sediment fluxes are influenced by a large number of parameters; hence sensitivity analysis to identify the most crucial parameters became essential. The global sensitivity analysis employing SUFI-2 algorithm in SWAT-CUP 2012 version 5.1.6 environment was used [17] . Following sensitivity analysis, the model was initially calibrated (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) and validated (2002-2013) for streamflow. After a successful calibration of streamflow, the model was subsequently calibrated (1994) (1995) and validated (1996-1997) for sediment.
Model Performance Statistics
The performance of the model in simulating sediment yield was evaluated using both statistical and graphical means. The model was evaluated against four objective functions commonly used in the assessment of model performance [7; 18] . 
Statistical Analysis
Statistical analyses employing principal component analysis (PCA) were used to examine the contributions in the changes of individual land uses on sediment yield. Changes in agriculture, rangeland, urban and forest constituted the predictor variables for the PCA analysis with response variable being sediment yield. All statistical analysis were carried out at a significance level of 0.05. SPSS 16.0 (IBM SPSS., Chicago, USA) was used for the statistical analysis and graphical presentations done with MS excel 2010. Spatial distribution of sediment yield was done in ArcGIS 10.2 environment. Figure 4 shows simulated and observed streamflow for both calibration and validation periods [19] . Sediment was also satisfactorily modeled with simulated sediment matching fairly with the observed (Figure 5 ). The model performance statistics for streamflow and sediment are shown in Figure 6 . It is evident from Figures 4 and 6 that the model simulated well the observed stream discharge during both calibration and validation periods. Although the model performance was good, streamflow was overestimated during both calibration and validation stage with PBIAS of -11.49% and -20.69% respectively. Table 1) . Considerations of the 23 sub-basins under the same climatic conditions but with different land use scenarios resulted in noticeable changes in the spatial distribution of sediment yield (Figure 7) . It is evident that, sediment yield varied significantly across sub-basins. Generally, sediment yields were higher in the southern areas than in the northern areas. This is mainly due to the changes in dominant land uses (i.e. rangeland, agriculture and urban) which fairly was predominant in the south. For example, the conversions of rangeland to agriculture were pronounced at the south than in the north. The changes in land uses reflects in surface runoff responses due to the changes that is observed in canopy structure, surface runoff curve number and surface roughness whose eventual repercussion is on sediment yield [20] explained 30.1% of the total variance in sediment yield. The inclusion of more models resulted in no significant improvement of the percentage variance explained (Figure 8 ). This implies that variation in sediment yield is influenced by two loading components. The first component of the sediment yield model (Table 2) was dominated by agriculture and urban on the positive side and forest on the negative side. In consideration of the second component, agriculture and urban land uses were dominant with both on the positive side. From the two PCA extracts, it stands to reason that variations in sediment yield are strongly influenced by changes in agriculture, urban and forest cover. The pattern matrix (Table 2 ) was used to explore the relative influence of each of the individual LULC changes on sediment yield. In both components 1 and 2 of the PCA, changes in agriculture and urban lands had the strongest positive impact on sediment yield dynamics followed by forest in the first component and rangeland in the second component with a negative relationship. Findings of the study indicate that changes in agriculture and urban land covers will cause a commensurate change in sediment yield. On the other hand, the negative relationship in the case of forest and rangeland is an indication of the inversely proportional relation between these land use types and sediment yield. Yan et al [2] in their study found similar relationships between agriculture, urban and sediment yield as well as between forest, rangeland and sediment yield. The reduction in sediment yield in forest and rangeland areas are linked to the high evapotranspiration demands of these land cover types resulting in the reduction of overland flow (surface runoff) which is responsible for the removal of topsoil as sediments. Similarly, the canopy structure of forested and range land areas reduces the energy of raindrops upon impact with topsoil and hence reducing the potency of raindrops in the removal of topsoil. 
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Conclusions
Demonstrated in this study are the impacts of land use and land cover changes on sediment yield in the Olifants Basin through a hydrologic modelling approach and principal component analysis (PCA). The effects of changes in individual land use types on sediment yield were evaluated and quantified. Under the same climatic conditions, results indicate that LULC changes accounted for about 84.7% of the variation in sediment yield. The key determinant in the amount of sediment produced at any given time was attributed to major changes that occurred in agriculture, urban and forested areas. Changes in agriculture and urban areas corresponded positively with the changes in sediment yield; however forested areas were identified to having an inverse relation with changes in sediment yield. The use of PCA provided useful information in assessing the impacts of LULC changes on sediment yield. Considering large scale basins as in the case of this study, it is technically and financially unsound to monitor sediment yield at all sub-basins, hence resulting to the use of emerging technologies of hydrologic models and geographic information systems (GIS) is surely the way to go. The use of these technologies provides the most practical and effective approach of spatially monitoring sediment yield in large river basins. The methods espoused in this study provide the needed quantitative information essential for the implementation of sustainable LULC and water resources strategies.
